Introduction
. 3 The increased cardiovascular mortality risk in patients with RA cannot be entirely explained by traditional CV risk factors, suggesting that the systemic inflammation that characterizes RA may cause endothelial dysfunction and accelerate atherosclerosis. Endothelial dysfunction is a barometer of CV health an important sign of early atherosclerosis and can be assessed noninvasively by flow mediated vasodilatation (FMD) of peripheral arteries. 5 
17-21
The prevalence of coronary artery disease (CAD) in Indian population is nearly 10 times higher than that seen 40 years ago [ 6 4 
_ T D $ D I F F ] . 22 [ 6 3 _ T D $ D I F F ]
In a recent study, the prevalence of CAD in migrant Indians in Canada was more than twice of that observed in the Caucasian
. 23 It has been demonstrated that both traditional and nontraditional risk factors contribute to the pathogenesis of cardiovascular disease in RA patients. Thus, we examined the endothelial function and carotid intimamedia thickness in active RA patients from India who did not have traditional cardiovascular risk factors with well matched healthy individuals. We also measured disease activity, serum cytokines, endothelial progenitor cells and serum nitrite and studied their possible correlation with FMD and CIMT to evaluate the potential risk factors for endothelial dysfunction and atherosclerosis related to RA especially in the context of Indian population.
Materials and methods

Patients and control
We performed a prospective study of 35 consecutive RA patients meeting 2010 Rheumatoid Arthritis Classification Criteria, 24 
[ 6 6 _ T D $ D I F F ]
compared with age and sex matched healthy controls ([ 2 _ T D $ D I F F ] n = 25) from among the clinic staff and patient attendants were recruited. This study was carried out out-patient rheumatology clinic in Chandigarh, India during October 2012 to March 2014. Written informed consent was taken from all patients and the control group and the Institutional Clinical Ethics Committee (ICEC) approved the study protocol. In all of them, a detailed history was taken and a trough physical examination and following laboratory investigations were carried out: complete blood count, fasting sugar and HbA1c level, liver and kidney function test, serum lipids, urine analysis and electrocardiogram (Fig. 1 excluded from the study. Detailed patients and healthy controls characteristics are depicted in Table 1 . RA patients were on stable dose of combination of synthetic disease modifying anti-rheumatic drugs (DMARDs) for at least 3 months prior to study enrollment.
Assessment of endothelial function
Subjects were studied in the morning, after overnight fasting, in a quiet room with controlled temperature. With the subjects lying supine and their arms in a comfortable position, we assessed endothelial function by brachial artery flow-mediated dilatation (FMD) by using, AngioDefender (Everist Genomics, Ann Arbor, MI, United States). The AngioDefender device uses a novel, proprietary software algorithm to analyze pulse wave data collected before and after Brachial Artery (BA) occlusion by an upper arm sphygmomanometric cuff. At the end, of the testing procedure ($15 min), the maximal relative post-occlusion change in the diameter of the BA relative to baseline is calculated and expressed as a percentage of flow mediated dilation (%FMD). AngioDefender test results are not dependent on user technique or operator proficiency[ 6 8 _ T D $ D I F F ] . 5 Mean of the two measures were considered for analysis.
Assessment of carotid intima-media thickness
All subjects were examined using a high-resolution Doppler ultrasound (HD 11 XE ultrasound machine, Philips Medical System) using a 13-5 MHz linear array transducer in the supine position. The CCA intima-media thickness (IMT) was defined as the average of the maximum IMT of the near and of the far wall measurements in the distal CCA (1 cm proximal to the carotid bulb). Intima media thickness was measured at three points on the far walls of both the left and the right common carotid arteries (CCA). The three locations were then averaged to produce the mean IMT for each side. All images of the carotid arteries were recorded on the hard disk of the ultrasound system for subsequent analysis and evaluated by a well experienced radiologist who was blinded to the clinical characteristics of the participants
The subjects had fasted overnight and they were studied in the morning between 9 and 11 AM.
Assessment of EPC population through flow cytometry analysis
After patients and control subjects fasted overnight, peripheral blood was taken at rest, in the morning, at forearm, together with routine analysis. EPCs were quantified by fluorescence-activated cell sorting (FACS) calibur FACS analysis was performed with utilization of the following three markers:
Peripheral blood in EDTA (200 mL) was labeled with a panel of above mentioned antibodies and incubated for 1 h at room temperature. After conjugation, red blood cells were lysed with ammonium chloride for 15 min 
Serum nitrite estimation
Nitric oxide was directly determined as nitrite by a spectrophotometric method, 26 [ 7 6 _ T D $ D I F F ] using serum samples collected after overnight fasting. Gaseous NO free radical is rapidly metabolized to nitrate or nitrite, hence measured nitrite concentration is taken as an index of NO production. Nitrite is also not influenced by dietary variation [ 7 7 _ T D $ D I F F ] . 10 Samples for serum nitrite were estimated in duplicate. Mean of the two measured value was considered for analysis.
Clinical and biochemical assessment
Patients underwent clinical evaluation at time of recruitment. Disease activity was measured using the 28-joint disease activity score (DAS28). Biochemical assessment including a complete blood count, liver function tests, renal function test, vitamin B 12 , thyroid stimulating hormone, blood sugar, HbA1c and 'serum lipids were determined using standard commercial kits and urine analysis to detect proteinuria, hematuria and cellular casts. Inflammatory markers i.e. Erythrocyte sedimentation rate (ESR) was measured using Westergren method and C-reactive protein (CRP) level using standard commercial kits. Inflammatory cytokines; tumor necrosis factor (TNF)-a, interleukin (IL)-6 and IL-1 were also assessed in all subjects by enzyme-linked immunosorbent assays (Hiss Diagnostics GmbH, Freiburg, Switzerland). All patients underwent clinical and biochemical assessment at the time of recruitment. Clinical, biochemical, FMD and CIMT assessments were carried out on the same day of recruitment after overnight fasting. Blood samples drawn for determination of serum cytokines and nitrite were stored at À80 8C before laboratory testing.
Statistical analysis
Continuous data are expressed as the mean AE standard deviation (SD). Patients and healthy control subjects were compared using unpaired Student's t-test for continuous variables and chi-squared test for categorical variables. Pearson correlation coefficients were calculated for RA patients to study the relationship between endothelial function, CIMT and clinical and biochemical disease variables. Two-sided [ 7 9 _ T D $ D I F F ] p-values of less than 0.05 were considered statistically significant. The statistical analysis was carried out using Sigmastat 5.5 for Windows 7.
Results
The recorded baseline characteristics in the RA patients and healthy control individuals comprised traditional cardiovascular risk factors are summarized in Table 1 . There were no significant differences in age, sex, and mean BMI values between RA patients and healthy controls. All study subjects were free from any traditional cardiovascular risk factors and cardiovascular disorders.
The clinical index of disease activity (DAS-28) was 4.10 AE 0.64 (Table 1 ). There were significant differences in the ESR and CRP levels between the RA patients and the controls (both (Table 1) . Table 2 Results of our study implicate that FMD and CIMT were significantly higher in active RA patients in absence of CV risk factors than that in healthy controls. Our result was the same . 19 However, in our study we have recruited those patients who have established and active RA in the absence of CV risk factor and we also measured inflammatory cytokines, serum nitrite and EPC population. Early endothelial dysfunction indicated by FMD may precede manifest atherosclerosis indicated by CIMT. Therefore, the more pronounced endothelial dysfunction may lead to more accelerated atherosclerosis. 8 On Pearson correlation analysis, CRP, DAS-28, TNF-a, serum nitrite and EPC population predicted endothelial dysfunction independent of traditional cardiovascular risk factors. In our study the level of CRP (13.09 mg/dl) is very high compared to the healthy controls (3.98 mg/dl) and it significantly correlated with FMD. It has been shown that high level of CRP in RA is an independent predictor for cardiovascular morbidity and mortality 28 and it can also develop a secondary immune cell activation, which may result in atherogenesis. 29 
[ 9 4 _ T D $ D I F F ]
Earlier evidence suggests that endothelial dysfunction in RA patients might be explained by disease activity measured by DAS[ 9 5 _ T D $ D I F F ] -28. 11 Similarly, in our study we found significant association between disease activity and FMD suggesting that inflammation plays a crucial role in the pathogenesis of cardiovascular disease in patients with RA. TNF-a plays an important role in the initiation and progression of inflammation in RA as well as in the mechanisms implicated the accelerated atherosclerosis in these patients. 30 [ 9 EPCs population is closely associated with endothelial dysfunction and increased CIMT and contributes to atherosclerosis in RA patients.
CIMT was found to be positively correlated with age of the patient in the present study suggesting that age is one of the risk factor for carotid atherosclerotic disease. However, we did not find any correlation of CIMT with disease duration, ESR and CRP as it was available in only 35 patients: therefore it did not assume significance, possibly due to low number of patients. . 39 Similarly, in our study we found significant positive correlation between CIMT and increased DAS-28 Score. We also found a significant correlation . 41 There are no human studies of the effects of IL-6 inhibition on atherosclerosis. This study design had several strengths, notably analysis of well characterized population and measurement of many inflammatory biomarkers reported to be associated with endothelial dysfunction and increased CIMT. The study also has its limitations, including the cross-sectional design and the relatively low number of study subjects. Therefore, we cannot exclude the possibility that markers showing weaker, non significant associations with atherosclerosis, may also contribute to a relationship between inflammation and atherosclerosis.
Conclusions
Our study on Indian patients have shown decreased FMD and increased CIMT in well characterized RA population without traditional cardiovascular risk factors, indicating early endothelial dysfunction and accelerated atherosclerosis, respectively.
Our data suggest that early determination of FMD% and CIMT may be useful tools to assess cardiovascular risk in RA. CRP, TNF-a, serum nitrite, DAS-28 and depleted EPC population predicted endothelial dysfunction. Age, IL-6, HDL, LDL and depleted EPC population predicted accelerated atherosclerosis. Therapy that effectively suppresses inflammation [ 1 1 3 _ T D $ D I F F ] and stimulation of EPCs may be beneficial to prevent and manage early endothelial dysfunction and accelerated atherosclerosis related to RA.
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